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In prestin-expressing cells, intracellular Cl- ([Cl-]i) flux plays a preeminent role
in promoting prestin activity, especially since the resulting Vh shift in prestin’s
state-probability function (inferred from nonlinear capacitance - NLC) along
the Vm axis will effect a motile response. For example, with perforated patch
clamp and local perfusion, changing extracellular Cl concentration from
1 mM to 140 mM using prestin’s NLC as a measure of intracellular Cl indicates
a several mM increase in intracellular Cl concentration. Nevertheless, the
mechanism underlying Cl- flux in prestin-expressing cells is not clear.
To better defineCl- flux, theCFP-YFP-based ratiometricCl indicator (Cl-sensor,
J. Neurosci. Meth., 2008, 170, 67) was modified to reduce pH sensitivity
by shifting the pKa away from the physiological pH range. Using excitation
ratiometric imaging of fluorescence, [Cl]i was measured in either induced-
or non-induced prestin-expressing HEK cell-lines transfected with our
new Cl-sensor construct. Upon changing local extracellular perfusion from
0.2 mM to 140 mM Cl buffer, fluorescence measures indicate a significant dif-
ference between induced- and non-induced prestin cell-lines.
We also evaluated [Cl]i flux using a Cl-sensor fusion product of prestin at the
C-terminal to better gauge flux near prestin’s intracellular binding site. Com-
parison of [Cl]i flux in HEK-293T cells transfected with a normal prestin-Cl-
sensor or a prestin construct with a C-terminal deletion that eliminated NLC
(P709-Cl-sensor) showed no statistical difference in flux. These data suggest
that prestin’s NLC is separable from Cl- movement induced by prestin, as we
previously suggested (Bai et al., BJ, 3179, 2009). Further experiments are
underway, including voltage dependence of flux by simultaneously monitoring
fluorescence ratio signals and NLC using perforated patch.
(Supported by NIDCD DC00273 and NIDCD DC 008130)
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Mechanosensitive Channel of Large Conductance (MscL) are non selective
channels that serve as an emergency valve for bacterial osmoregulation.Studies
(Yoshimura et al 1999 and 2001;Blount et al 1996)done in E.coli have shown
that MscL function in response to the change in membrane tension as well as by
introducing charge at the pore. Here we showed that charge-induced activation
of MscL from Lactococcus lactis (LlMscL) and Mycobacterium tuberculosis
(TbMscL) resemble that of the widely studied MscL from E.coli. Cysteine mu-
tants around the hydrophobic gate region of these channels were created and
used for channel activation both in vivo and in vitro using a charged chemical
compound, MTSET. TbMscL cysteine mutants showed a different charge-
sensitivity pattern compared to LlMscL mutants. While only 20 and 21st amino
acid positions of TbMscL were responsive to MTSET, 20, 21, 22 and 23rd po-
sitions were responsive in the case of LlMscL. These results suggest that it is
possible to activate MscL from other organisms by charging their hydrophobic
pore region. Furthermore, although MscL from different organisms show high-
est sequence identity around the pore, individual MscL retain their own
characteristics.
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Ciona intestinalis voltage sensing phosphatase (Ci-VSP) is the founding mem-
ber of a new class of voltage-sensing proteins, and exhibits PI(3,4,5)P3 and
PI(4,5)P2 5’phosphatase activity upon membrane depolarisation (Murata and
Okamura, 2007; Iwasaki et al., 2008; Halaszovich et al., 2009). Ci-VSP con-
sists of a N-terminal voltage sensing domain (VSD) and a C-terminal phospha-
tase domain (PD) that is highly homologous to the phosphoinositide (PI)
phosphatase PTEN (Murata et al., 2005). Recently, we reported on a voltage-
sensitive chimera of the Ci-VSP voltage-sensor and the tumour suppressor
PTEN (Ci-VSPTEN) in agreement with PTEN’s 3’phosphatase activity
(Lacroix et al., 2011). Here we extend this knowledge to a novel chimera ofthe VSD of Ci-VSP and the PTEN homologue TPIPa (also known as
TPTE2), termed Ci-VSP/TPIP (Walker et al., 2001).
Using whole cell voltage-clamp and total internal reflection microscopy with
genetically-encoded phosphoinositide sensors, we show that Ci-VSP/TPIP is
a voltage-sensitive PI(3,4,5)P3 and PI(4,5)P2 5’phosphatase in contrast to pre-
vious reports of TPIPa as a 3’phosphatase (Walker et al., 2001). The voltage
dependence of Ci-VSP/TPIP was shifted to hyperpolarized potentials compared
to Ci-VSP. Functional comparisons of Ci-VSP, Ci-VSPTEN and Ci-VSP/TPIP
identified alanin/glycine 365 as the critical determinant of PTEN’s substrate
specificity, since Ci-VSPTEN(A365G) produced robust voltage-dependent
PI(3,4,5)P3 5’ phosphatase activity, in contrast to the 3’phosphatase activity
of wild-type PTEN.
In conclusions, our data characterise the 5’phosphatase Ci-VSP/TPIP and
reveal that engineered voltage-sensing phosphatases can be used to study the
activity and substrate specificity of the important tumour suppressor PTEN
in vivo.
This work was supported by a Research Grant of the University Medical Center
Giessen and Marburg (UKGM 32/2011 MR) to C.R.H and by Deutsche
Forschungsgemeinschaft through SFB 593 TP A12 to D.O.
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We propose a novel picture of the rotation mechanism of F1-ATPase [1]. In the
proposal, the key factor is the translational entropy of water, which has been
shown to drive a variety of self-assembly processes in biological systems [2].
We calculate the hydration entropies of three different sub-complexes compris-
ing the gamma subunit, one of the beta subunits, and two alpha subunits adja-
cent to them. The calculation is made using the angle-dependent integral
equation theory combined with the multipolar water model [3] and morphomet-
ric approach [4]. The major finding is that the packing in F1-ATPase is highly
asymmetrical and this asymmetry is ascribed to the water-entropy effect. We
discuss how the rotation of the gamma subunit is induced by such chemical pro-
cesses as ATP binding, ATP hydrolysis, and release of the products. In our pic-
ture, the asymmetrical packing plays crucially important roles and the rotation
is driven by the water-entropy effect. As part of the demonstration of the val-
idity of our rotation mechanism, we also analyze the water-entropy change
in yeast F1-ATPase during 16-degree rotation of the gamma subunit [5]. The
result demonstrates the validity of the water-entropy mechanism proposed
in Ref 1.
[1] T. Yoshidome, Y. Ito, M. Ikeguchi, and M. Kinoshita, J. Am. Chem. Soc.
133, 4030 (2011).
[2] M. Kinoshita, Front. Biosci. 14, 3419 (2009).
[3] M. Kinoshita, J. Chem. Phys. 128, 024507 (2008).
[4] R. Roth, Y. Harano, and M. Kinoshita, Phys. Rev. Lett. 97, 078101 (2006).
[5] T. Yoshidome, Y. Ito, N. Matubayasi, M. Ikeguchi, and M. Kinoshita, Soft
Matter (to be submitted).
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FoF1-ATP synthase (FoF1) is a molecular motor protein, which synthesizes ATP
coupling with clockwise rotations driven by the proton motive force (pmf) and
also reversibly hydrolyzes ATP which drives anticlockwise rotations to form
the electrochemical proton gradient. Extensive studies revealed the rotary cat-
alytic mechanism of ATP-driven rotation of FoF1; however, that of pmf-driven
rotation was poorly understood. Therefore, we tried to characterize the pmf-
driven rotation of FoF1 by controlling the amplitudes of pmf. In this study,
we reconstituted FoF1 into the supported membrane formed on the Ni-NTA
modified coverglass and visualized the rotary motion by attaching the magnetic
beads (f¼~200nm) on the rotor part. Furthermore, we developed the novel ex-
perimental setup which enabled us to modulate the amplitudes of pmf. Based on
these experimental setups, we obtained a few primitive data of rotary motion
sensitive to pmf as follows. When we generated an electric potential difference
(DJ) against ATP-driven rotating FoF1, FoF1 showed one reverse rotation in
clockwise as expected. In addition, after redusing DJ, FoF1 restarted to rotate
in anticlockwise. Currently we are collecting more experimental data for the
Monday, February 27, 2012 247afurther understanding of the rotary catalytic mechanism of pmf-driven rotation
of FoF1.
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We examined structural changes of the protein, retinal chromophore and inter-
nal water molecules during the photocycle of Archaerhodopsin-3 (AR3),
a light-driven proton pump found in Halobrubrum sodemense. This protein,
which belongs to the archael rhodopsin family, has a ~75% sequence homology
with the more extensively studied bacteriorhodopsin (BR) proton pump
from Halobacterium salinarum. Recent interest has focused on AR3 because
of its ability to serve both as a high-performance genetically targetable optical
silencer of neuronal activity and as a membrane voltage sensor. Low-
temperature and rapid-scan time-resolved FTIR-difference spectroscopy re-
vealed that the conformational changes during formation of the K, M and N
photocycle intermediates are similar, although not identical, to BR. Positive/
negative bands in the region above 3600 cm-1 which have previously been
assigned to structural changes of weakly hydrogen bonded internal water mol-
ecules were substantially different between AR3 and BR. This included the
absence of positive bands recently associated with a chain of proton transport-
ing water molecules in the cytoplasmic channel and a weakly hydrogen bonded
water (W401) which is part of a hydrogen-bonded pentagonal cluster located
near the retinal Schiff base. However, many of the broad IR continuum changes
below 3000 cm-1 assigned to networks of water molecules involved in proton
transport through cytoplasmic and extracellular portions of the protein were
very similar in AR3 and BR.
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D2 and D4 dopamine receptors were investigated by structure prediction and
unnatural amino acid mutagenesis. Active and inactive structures of the D2 do-
pamine receptor were predicted and the dopamine binding site was modeled.
Aromatic residues at and near the binding site of D2 and D4 receptors were
interrogated by unnatural amino acid mutagenesis, revealing a network of
aromatic-aromatic interactions. Conserved proline residues within five of the
D2 receptor’s transmembrane helices were also interrogated by unnatural
amino acid mutagenesis, revealing a key role for lack of a backbone hydrogen
bond donor and importance of a substituent on the backbone N at the Pro5.50
site.
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The tripartite efflux pump AcrAB-TolC is responsible for the intrinsic and
acquired multidrug resistance in Escherichia coli. Its active part, the homotri-
meric transporter AcrB, is in charge of the selective binding of substrates
and energy transduction.
The presence of several phenilalanine residues in the only binding pocket iden-
tified by X-ray has inspired an experimental work where the effects of single
point Phe->Ala mutations on the MIC and on the efflux of several antibiotics
have been determined [1,2]. Concerning the MICs, interestingly, the mutation
F610A has been shown to significantly reduce the minimum inhibitory concen-
tration of doxorubicin and many other substrates, although F610 does not
appear to interact strongly with them or to be involved in the squeezing mech-
anism of the binding pocket suggested as preliminary step of the extrusion
process. In this work, we assess the impact of the experimental mutations on
the functionality of AcrB by means of computational techniques, using doxo-
rubicin and minocycline as substrates. We found that for F610A the compounds
slide deeply inside the binding pocket after mutation, increasing the strength of
the interaction. During subsequent conformational alterations of the trans-
porter, the substrates were either not extruded from the binding site or displaced
along a direction other than the one associated with extrusion. The other muta-tions are not able to modify the binding affinity of the substrates, which are kept
in positions similar to the ones assumed in the wild type protein. Our study
indicates how subtle interactions determine the functionality of multidrug
transporters, since decreased transport might not be simplistically correlated
to decreased substrate binding affinity.
[1] Bohnert, J. A., et al. J. Bacteriol. 2008, 190, 8225-9.
[2] Bohnert, J. A.; Schuster, S.; Szymaniak-Vits, M.; Kern, W. V. PlosOne
2011, 6, e21196.
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FepA is a TonB dependent transporter in the outer membrane of Gram-
negative bacteria that recognizes and internalizes the siderophore ferric enter-
obactin (FeEnt). FepA is a member of the porin superfamily on the basis of its
22 stranded transmembrane b-barrel. Its 150-residue N-terminal domain re-
sides within and occludes the C-terminal b-barrel domain, suggesting that
the former must undergo structural reorganization to allow the transport of
FeEnt. Two models potentially explain the process: either the N-domain re-
mains in the b-barrel and rearranges to form a transient pore, or it extrudes
from the b-barrel, folded or unfolded. The extent of conformational change
in the N-terminus may affect the overall energetic cost of FeEnt transport.
To distinguish between these models, we genetically engineered Cys pairs
at various sites in FepA and studied their crosslinking both before and during
FeEnt uptake. The experiments attempted to either crosslink the N-terminal
domain to the b-barrel, or crosslink local folds of the N-terminal domain to
itself. Mutant strains of FepA containing the Cys pairs G27C/R126C,
A33C/E120C, or L125C/V141C, located on different b-strands in the N-termi-
nus, all required a reductant to allow FeEnt uptake in siderophore nutrition
tests, suggesting that oxidation of the Cys pairs to disulfides prevented FeEnt
transport. The N-domain/C-domain Cys pairs A138C/427C, A138C/A445C,
M77C/T457C, or M77C/E511C readily crosslinked when treated with Cu2þ
in the presence or absence of FeEnt, implying considerable conformational
flexibility of the N-domain in vivo. Together these data suggest that the N-do-
main of FepA has mobility within the b-barrel, and unfolds during transport of
FeEnt.
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EmrE is an integral membrane protein in Escherichia coli belonging to a class
of multidrug resistance transporters: the Small Multidrug Resistance trans-
porter family (SMR). EmrE effluxes quaternary cationic compounds (QCC)
using a proton motive force. Many groups studying this protein utilize a -
C-terminal myc-eptitope- 6 histidine tag engineered into EmrE for the purpose
of protein purification in a detergent-containing aqueous environment. An alter-
native method for EmrE purification involves using a solvent mixture of chlor-
oform:methanol:water to extract the protein from bacterial membranes. The
EmrE isolated using the lattermethod does not have any tag. As there is different
data appearing from different labs, the goal of this research is to compare the
protein purified in with the different approaches analyzed under identical condi-
tions. Untagged and tagged EmrE was analyzed and compared by fluorescence
spectroscopy. Fluorescence emission spectra of untaggedEmrE revealed a lower
combined fluorescence intensity of the tyrosine and tryptophan fluorescence
compared to tagged EmrE. A red edge excitation shift (REES) effect was also
observed for tagged EmrE indicating that there is a population of fluorophores
that have a slower rate of solvent relaxation, unlike the fluorophores in untagged
EmrE. Functional analysis of the EmrE by QCC ligand-binding (Ethidium,
methyl viologen, cetylpyridinium) was investigated using fluorescence quench-
ing binding curves. UntaggedEmrE and tagged EmrE binding curveswith ethid-
ium were similar, whereas binding of the methyl viologen and cetylpyridinium
were different between untagged and tagged EmrE. These results show that the
two purification approaches lead to differences in the structural and function
states of this integral membrane protein.
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The Translocator Protein 18 kDa (TSPO) has been identified as a key player
in cholesterol and porphyrin transport, apoptotic signaling, cancer
